Chromosomes from Cryptococcus neoformans, an encapsulated yeast pathogen, were separated by contourclamped homogeneous field gel electrophoresis. Seven strains representing all four serotypes were studied. It was found that each strain had a unique, reproducible pattern of chromosome bands which could potentially be used for strain polymorphism studies. There were between 10 and 12 chromosomes in the strains studied, with an approximate genomic size of 15,000 to 17,000 kilobases. Chromosome separation also could be used to assign locations for cloned genes, and the ribosomal DNA genes were found on one of the larger C. neoformans chromosomes. The technique of electrophoretic karyotyping should be helpful for genetic and molecular investigations into the biology of C. neoformans.
Cryptococcus neoformans, an encapsulated yeast, is a common central nervous system pathogen in immunocompromised hosts, such as those receiving corticosteroids or infected with the human immunodeficiency virus. The life cycle of C. neoformans has been elucidated, and a sexual stage (Filobasidiella neoformans) has been characterized (6) . By using genetic crosses, linkage groups for genes controlling capsular synthesis have been identified and recombinational map distances have been calculated (14) . However, no detailed genetic map for this organism has been made. Despite its well-defined life cycle and its ability to mate and show complementation of genetic markers (15, 16) , classical genetic studies have not been as easy to carry out as they have been in other fungi such as Saccharomyces cerevisiae and Neurospora crassa.
Another approach to the study of C. neoformans genetics and its molecular virulence determinants is to develop molecular biological techniques for investigation of this yeast. There have been only a few studies on the molecular aspects of C. neoformans: (i) DNA hybridization studies for the detection of homology between different serotypes (1, 5), (ii) spheroplasting of C. neoformans cells with Novozyme 234 for DNA isolation (11) Hybridization. Candida albicans ribosomal DNA (rDNA) genes (7) were labeled with 32P by nick translation and were used to hybridize chromosome blots of the cryptococcal DNA at 65°C. For chromosome hybridization blots, gels were treated with 0.25 N hydrochloric acid before transfer. Before chromosomes were blotted, the probe was used to identify restriction bands on a Southern blot of an EcoRI digest of C. neoformans DNA. Figure 1 shows the CHEF separation of DNA from two C. neoformans strains (serotype a [strain C3D] and an unencapsulated strain [strain 602]). Some chromosomes of C. neoformans were larger than the largest Saccharomyces chromosome (2,200 kb), but the largest bands were not as large as the largest Candida chromosome. Electrophoresis conditions that adequately separated Candida chromosomes were also adequate for the isolation of most C. neoformans chromosomes. The number of separable bands for strain C3D was 9, while for strain 602 it was 10. The fourth-and fifth-largest bands in C3D and the fifth-largest band in 602 were heavily stained, and each likely represented two molecules which were not separated under these electrophoresis conditions. The total genomic size of C. neoformans electrophoretic bands compared with the known sizes of S. cerevisiae chromosomes was estimated from this study to be between 15,000 and 17,000 kb. Figure 2 shows the electrophoretic karyotypes of strains of the other three serotypes (b, c, and d). Strains of the three different serotypes displayed different chromosome patterns. Although it is not readily apparent in Fig. 2 , under several electrophoretic conditions for the serotype b, c, and d strains, we were able to distinguish between 10 and 12 potential chromosomes. When we performed 1-and 2-day gel electrophoresis runs to determine whether small chromosomes were lost in the 3-day electrophoresis runs, the smallest chromosome in our C. neoformans strains was separated in the serotype b strain and was determined to be approximately 530 kb (Fig. 3) . We also found some other small chromosomes (less than 800 kb) in strains of serotypes b, c, and d which were only resolved under these conditions (Fig. 3) . We also used commercial CHEF electrophoresis equipment (Bio-Rad) under a 2-day run to separate C. neoformans chromosomes. It was particularly helpful in separating the smaller chromosomes of the serotype b strain (Fig. 3) Fig. 4 is a map of the chromosome pattern that was found in seven strains compared with those found in Saccharomyces and Candida strains. The map in Fig. 4 depicts the summary of all results from multiple gel runs under several electrophoretic conditions. For instance, there were three small chromosomes separated in the serotype b and c strains after a 1-or 2-day gel run (Fig. 3) which were not identified on the 3-day run, as shown in Fig. 2 . Single bands which consistently stained heavily with ethidium bromide may represent two chromosomes of similar size which could not be separated under the conditions used in this study; therefore, they are marked on the map as two chromosomes.
RESULTS
Gels containing chromosomes from several strains were blotted and probed with Candida rDNA genes. Prior to probing the blots from CHEF separations, we used the Candida rDNA to identify whether there was cross-hybridization between Candida and Cryptococcus genes by probing blots from EcoRI-digested genomic DNA of C. neoformans. Figure 5 shows the rDNA patterns in two different C. neoformans strains compared with that of a Candida albicans strain. EcoRI digestion gave two fragments of rDNA from genomic C. neoformans DNA which hybridized to this probe. Restriction fragment polymorphism occurred in the rDNA pattern from the genomic DNAs of these two strains. The CHEF-separated DNA gels were blotted and probed with Candida rDNA. Of the six strains tested, which did not include the isolate from a patient with AIDS, the rDNA genes were found on the second-or third-largest band in all except one strain. Only one band hybridized in each strain. A strain which was serotype a contained the rDNA genes on the fourth-largest band. In this strain the rDNA was located on a significantly smaller chromosome than were the rDNA genes found in the other strains studied (Fig. 4) .
Several important technical factors were noted during the DNA isolation. First, the best DNA preparation yields came from late-log-phase cells. Second, careful monitoring for good spheroplast formation (at least 50%) was essential prior to lysis. Third, some of our DNA preparations, even though they were stored in 0.5 M EDTA, showed significant degradation of the large DNA molecules within 2 weeks of refrigerated storage.
DISCUSSION
The ability to understand further the biology of C. neoformans will be significantly advanced through genetic manipulations and the use of molecular biological techniques. We have taken preliminary steps in developing molecular techniques to examine this pathogen. Chromosomes from C. neoformans can be separated under pulsed field electrophoretic conditions. Using a CHEF apparatus, we separated chromosome-size fragments. After multiple electrophoretic runs with several strains, we identified 10 to 12 distinct, separable bands, depending on the strain. Therefore, it is not clear what methods and conditions will eventually be optimal for the consistent separation of all chromosomes from various C. neoformans strains. Further studies by other techniques such as field inversion (2) (13) closely resembled another serotype a isolate but was distinguishable. It is likely that further investigations into the examination of many C. neoformans strains by pulsed field gel electrophoresis will yield significant polymorphisms which can be exploited to identify and distinguish different strains. In contrast to our findings with CHEF separation, Polacheck and Lebens (10), using OFAGE, found fewer chromosome bands and similar chromosome patterns within a and b/c serotype strains but different patterns in d serotype strains. It is hoped that further studies in which the use of both methods on the same isolates are compared will resolve these differences.
This method of chromosome separation was used to map gene locations for C. neoformans. rDNA genes were selected because of their repetitive nature and relatively conserved sequences between species. There was apparent cross-hybridization between Candida and Cryptococcus rDNA genes, and thus, the Candida rDNA probe was used to locate C. neoformans genes. The Cryptococcus rDNA genes were located on one of the larger chromosomes of C. neoformans. This is similar to the location of Candida and Saccharomyces rDNA genes, which are found on larger chromosomes. Our results also suggest that DNA rearrangements, leading to an altered chromosome location for some genes, may occur. Further investigations into gene mapping await the cloning and identification of C. neoformans genes.
